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Introduction
The Elbląg Upland (Wysoczyzna Elbląska) has been poorly investigated to date with respect to the local lichen biota. The earliest reference data can be found in German reports (OHLERT 1870 , LETTAU 1919 , NITARDY 1922 ), but they usually concern single localities of a few species only. Polish lichenological sources, providing fragmentary information on this area, include works of JAKUBOWICZ (1983) , SULMA, FAŁTYNOWICZ (1988) , FAŁTYNOWICZ, SULMA (1994) , as well as atlases (TOBOLEWSKI, KUPCZYK 1974 , TOBOLEWSKI 1983 , FAŁTYNOWICZ 1999 ) based on previous reports.
Erosion valleys of small streams and rivers located in the Elbląd Upland seem to be of particular interest from the lichenological perspective. One of them is the Grabianka river valley. Therefore, the aim of this study was to present the species composition of the lichen biota in the upper part of the Grabianka river valley, as well as to make a preliminary analysis of particular habitat groups.
Characteristics of the research area
The Grabianka river valley is situated in the northern part of the Elbląg Upland, in the largest forest complex of this mesoregion. Grabianka has its source in a partly deforested area, south of the village of Pagórki (Figure 1 ). This is a small river, only 10 km in length, whose catchment area covers 14.3 km 2 (KONIECKA, KOPIEC 2002) . In its upper course the river resembles a swift-flowing, high-gradient torrent, with numerous boulders in the bed. Close to the mouth, near the village of Kadyny, the river becomes wide and sluggish, with a sandy bottom.
The study was conducted in the upper part of the Grabianka river valley. The landscape in this part of the Elbląg Upland is almost mountainous, with numerous erosion valleys cutting through high morainal hills. The highest hills, situated at the edge of the investigated part of the Grabianka river valley, reach up to 170 m above sea-level, with relative height difference of 100 m. The height and angle of the majority of slopes in this area range from 60 m to 80 m and from 40 o to 70 o respectively. The study area is located within the Elbląg-Ostróda climate region of North-Eastern Poland (Atlas współzależności… 1986). The climatic conditions of the Elbląg Upland are significantly affected by elevation. Compared to the adjacent regions, this area is characterized by a considerably higher annual range of temperatures, a longer winter, a shorter summer, a longer snow cover duration and a higher annual precipitation total. Elevations, reaching up to 200 m above sea-level, "trap" humid polar-maritime air-masses moving from Fig. 1 . Location of the research area and division into localities: A -forest border, B -forests section border, C -border of the study area, D -roads, E -rivers, F -numbers of forest sections, G -buildings, H -numbers of localities northwest. Rainfalls are more frequent and heavier (WOŚ 1999) . Rainfall characteristics in the Elbląg Upland are also affected by the vicinity of the Bay of Gdańsk and the Vistula Lagoon. The average annual rainfall total is 700-800 mm, compared to 500-600 mm in adjacent regions. Both the tops and slopes of the examined valley are covered by beech woods, which can be found in a variety of habitats and forms, from Luzulo pilosae-Fagetum -less frequent, typical of acid soils in the lowlands, to locally common Galio odorati-Fagetum -typical of fertile soils. Smaller areas are occupied by phytocenoses of the sub-atlantic oak-hornbeam forest Stellario--Carpinetum in different ecological forms: poor on the tops of the valley, typical on the slopes and fertile at the base of the slopes. The ash-alder forest Fraxino-Alnetum can be found at the valley bottom, along the river and at numerous seepages. The submontane ash forest Carici remotae-Fraxinetum, very rare in lowlands, grows around water outflow sites on the valley slopes (TOKARZ 1961) .
Materials and Methods
According to the map graticule in the Atlas of Lichen Distribution in Poland based on the ATPOL system (CIEŚLIŃSKI, FAŁTYNOWICZ 1993) , the research object is situated within square Ad96. Lichenological studies were conducted during the years [2002] [2003] [2004] . A selected fragment of the upper part of the valley was divided into six 0.5 km stretches, numbered 1 to 6. Six localities were established within each stretch: two on the tops, on the left (a) and on the right (a') side of the valley, two on the slopes on both sides (b and b'), and two at the bottom (c and c'). As a result, lichen biota was analyzed at 36 localities. All lichens were identified using standard methods of morphological-anatomic analysis and spot tests, enabling to distinguish between secondary metabolites (PURVIS et al. 1992) . Species of the genus Lepraria and some other taxa were identified with the use of thin-layer chromatography (ORANGE et al. 2001 (BLANCO et al. 2004) . The entire collection is stored at the herbarium of the Department of Botany and Nature Protection, University of Warmia and Mazury in Olsztyn (OLS-L).
Results
A total of 110 lichen species and 12 non-lichenized fungi (including 7 lichenicolous and 5 saprophytic fungi), usually described in lichenological works, were identified in the analyzed part of the Grabianka river valley. A list of all recorded taxa, in alphabetical order, is given below. It includes also the types of substrates and numbers of localities for each taxon; if the number of records at a given locality is higher than one, it is given in brackets. Red List threat categories are also given for vanishing lichen species in Poland (CIEŚLIŃSKI et al. 2006) : protected species (Rozporządzenie... Dz.U. nr 168, poz. 1765, zał. 4) are denoted "P", lichens-indicators of lowland primeval forests Lichen Biota of the Grabianka River... (CZYŻEWSKA, CIEŚLIŃSKI 2003) are denoted "I", while the names of non--lichenized fungi are marked with asterisks (*).
The presented list contains a group of particularly interesting species (24), reported from a few localities in Poland only. The characteristics of their occurrence in the investigated area, followed by some notes on their general distribution patterns, can be found elsewhere (SZYMCZYK 2007 
Collema flaccidum (Ach.) Ach. -stones in river; 2 localities: 4c, 6c; EN. Evernia prunastri (L.) Ach. -bark of Fraxinus excelsior, Alnus glutinosa; 4 localities: 3c' (2), 4c, 4c', 6b; NT, P. (7), 1b' (6), 1c, 1c' (2), 2a' (3), 2b (4), 2b' (7), 2c, 2c' (4), 3a, 3a', 3b (3), 3b' (2), 3c (2), 3c' (4), 4a (2), 4a' (2), 4b (4), 4b' (4), 4c (2), 4c', 5b, 5c, 5c' (2), 6a', 6c, 6c' (2); NT.
Hypocenomyce scalaris (Ach.) M. Choisy -bark of Picea abies, Quercus robur, Alnus glutinosa Pinus sylvestris, Betula pendula, Fagus sylvatica, wood; 15 localities: 1a (2), 1a', 1b, 1c', 2b (3), 2b', 3a, 3b' (4), 4a (3), 4a' (3), 4b' (2), 5a (2), 5b' (4), 6b, 6c'.
Hypogymnia physodes (L.) Nyl. -bark of Fagus sylvatica, Alnus glutinosa, Fraxinus excelsior, Quercus robur, Picea abies, Larix decidua, Betula pendula, Carpinus betulus, Populus tremula, wood; 32 localities: 1a (3), 1a', 1b (2), 1b' (2), 1c (2), 1c', 2a' (2), 2b (7), 2b', 2c, 2c' (2), 3a (3), 3a' (3), 3b (2), 3c (2), 3c' (8), 4a (2), 4a' (5), 4b, 4b', 4c (3), 4c', 5a (6), 5a', 5b' (3), 5c (3), 5c' (2), 6b, 6c, 6c' (6).
Hypogymnia tubulosa (Schaer.) Hav. -bark of Fagus sylvatica, Fraxinus excelsior; 2 localities: 1b', 3a'; NT, P.
Lecanactis abietina (Ach.) Kö rb. ', 2a', 2b', 2c', 3b (3) Parmeliopsis ambigua (Wulfen) Nyl. -bark of Fagus sylvatica, Carpinus betulus; 7 localities:1a (2), 2a', 2b, 3a' (2), 3b', 4a (2), 4a' (2); P.
Peltigera polydactylon (Neck.) Hoffm. -bark of Fagus sylvatica, stone; 2 localities: 1b, 5b; EN, P.
P. praetextata (Flö rke ex Sommerf.) Zopf -bark of Fraxinus excelsior, wood; 5 localities: 2c, 3b, 3c', 5c, 6c'; VU, P.
Pertusaria amara (Ach.) Nyl. -bark of Fagus sylvatica, Carpinus betulus, Fraxinus excelsior, Quercus robur, Alnus glutinosa; 19 localities: 1a (2), 1b (3), 2a', 2b (2), 2b', 2c' (2), 3a', 3b, 3c' (3), 4a, 4a' (4), 4b, 4b', 4c, 5a (3), 5b', 6a', 6b', 6c' (2). P. coccodes (Ach.) Nyl. -bark of Fagus sylvatica, Carpinus betulus, Quercus robur; 8 localities: 1a (2), 3b, 4a (2), 4a' (2), 4b, 5a (2), 6c; NT.
P. flavida (DC.) J. R. 
Analysis of lichen biota
In the examined part of the Grabianka river valley particular taxa were encountered at 1 to 36 localities. The largest group (28) was formed by species present at one or two localities, while the smallest one comprised common lichens, found at all (36) localities. Lichens with a wide ecological scale, such as Hypogymnia physodes and Parmelia sulcata, reached the highest frequency in the study area. It is interesting that the group of locally most frequent species included also Graphis scripta (common), Opegrapha viridis and Pyrenula nitida (frequent), considered to be threatened in Poland (CIEŚLIŃSKI et al. 2006) . These are hygrophilous and skiophilous species, for which the phytoclimatic conditions of the Grabianka river valley are optimal.
Epiphytic lichens
Epiphytes constitute the most important ecological group in the analyzed biota, and their domination is directly determined by a wide diversity of available habitats and substrates. Representatives of this group were found on 15 phorophytes. Eighty corticolous species identified in the valley accounted for 81% of total lichen biota. The hornbeam Carpinus betulus has a mesotrophic and slightly acidic bark, which remains smooth or slightly cracked and generally does not peel (BARKMAN 1958) . Thirty lichen species were observed on hornbeams. Of particular note is Fellhaneropsis vezdae, known from single localities in Poland only. The most common taxa encountered on this phorophyte were Graphis scripta, Pyrenula nitida, Opegrapha viridis, Lecanora argentata and Pseudosagedia aenea.
Apart from Fagus sylvatica and Carpinus betulus, abundant epiphytic lichen biota was recorded on the black alder and on the European ash. These two phorophytes are the main components of ash-alder communities at the bottom of the Grabianka river valley. Forty lichen species were collected from Alnus glutinosa. Many of them are particularly interesting taxa, very rare or poorly known in Poland, e.g. Scoliciosporum pruinosum, Reichlingia leopoldii or Mycobilimbia epixanthoides. Attention should be also paid to lichens associated with lowland primeval forests, such as Arthonia vinosa, Lecanactis abietina and Opegrapha viridis (CZYŻEWSKA, CIEŚLIŃSKI 2003) , as well as to lichens growing on black alders in specific microhabitats, e.g. Chaenotheca furfuracea -found only at the root collar, or Anisomeridium polypori -collected from submerged roots. The sub-neutrophilic and eutrophic bark of Fraxinus excelsior provides the most favorable conditions for the development of rich lichen vegetation (BARKMAN 1958 , BATES, BROWN 1981 . Although ash trees are scarce in the analyzed part of the Grabianka river valley, as many as 37 lichen species were reported from this phorophyte. The most interesting among them are Arthonia ruana, Bacidia fraxinea, Calicium salicinum, C. viride, Chaenotheca brachypoda, Pyrenula nitidella and Usnea filipendula, all threatened in Poland.
The current lichen biota of common oaks (Quercus robur, Q. petraea) in the Grabianka river valley comprises 35 taxa. A large group is formed by members of the genera Calicium and Chaenotheca, which occupy deep grooves in strongly cracked bark of old trees. Arthonia didyma -an indicator of lowland primeval forests (CZYŻEWSKA, CIEŚLIŃSKI 2003) which is on the verge of dying out in Poland (CIEŚLIŃSKI et al. 2006) , was found exclusively on oak trees.
Epiphytes were also observed on not abundant specimens of Picea abies, Betula pendula, Tilia cordata, Padus avium and Acer platanoides, which constituted admixture components of the examined forest communities. A total of 50 lichen species were reported from the above phorophytes. The spruce had the richest lichen biota (21), and the most common taxa encountered on this phorophyte were Lecanora conizaeoides and Chaenotheca ferruginea.
Epixylic lichens
A distinguishing feature of the Grabianka river valley is natural accumulation of dead wood, providing favorable conditions for the growth of epixylic lichens. In the analyzed part of the valley the occurrence of epixyles was studied on three types of substrates, i.e. dead standing barkless trunks, stumps and lying logs. Those forms of dead wood were analyzed separately due to, among others, a different degree of wood decomposition and moisture content, which significantly affect the species diversity of lichens.
The epixylic lichen biota in the investigated area comprises 40 taxa, which accounts for 37% of all recorded species. The majority of lichens growing on dead wood were also found on tree bark. The group of taxa living also on the ground, predominantly members of the genera Cladonia and Placynthiella, was smaller. Only 10 lichens were recorded exclusively on wood. Many of them are endangered in Poland or belong to the group of indicators of primeval forests. These are: Chaenotheca brunneola (EN, I), Ch. chlorella (CR, I), Ch. trichialis (NT), Ch. xyloxena (VU), Cladonia polydactyla, Lecanora albellula, Biatora turgidula (VU, W), Micarea misella, Thelocarpon intermediellum (VU), Trapeliopsis flexuosa and T. pseudogranulosa.
Both the composition of lichen species and their frequency on particular types of dead wood, determined in the present study, are consistent with the findings of other authors (MÜ HLE, LE BLANC 1975 , DANIË LS 1983 , CIEŚLIŃSKI 1985 , LAAKA 1995 , CHLEBICKI et al. 1996 , KOLANKO, MATWIEJUK 1999 . Species formerly assigned to the order Caliciales (Calicium, Chaenotheca, Chaenothecopsis, Mycocalicium) were observed on standing trunks. These taxa show a distinct preference for exposed, dry, hard wood tissue. Humus-loving species of the genera Cladonia, Trapeliopsis and Placynthiella have a relatively high qualitative contribution on soft, rotting wood of stumps and lying logs.
The highest number of species (34) was identified on lying logs. The most frequent taxa on this type of substrate were Absconditella lignicola, Cladonia spp., Micarea misella, M. prasina, Peltigera praetextata, Placynthiella dasaea and P. icmalea. The number of lichens growing on stumps was lower (19). This was most probably related to considerably lower availability of such substrates within the study area. The list of the most frequent lichen species found on stumps is similar to that in the previous group. The fewest (17), but most interesting, lichens (17) were found on standing barkless trunks. Eight species of the genus Chaenotheca, threatened in Poland, were reported from the study area. Seven of them occurred on this type of substrate: Chaenotheca brachypoda, Ch. bruneola, Ch. chlorella, Ch. furfuracea, Ch. stemonea, Ch. trichialis and Ch. xyloxena (CIEŚLIŃSKI et al. 2006 ).
Lichens of other habitats
Epilithic and epigeic lichens were identified at a few localities in the investigated part of the Grabianka river valley. The small number of epilithes (17) resulted from low frequency of certain types of substrates. In the area under analysis almost all epilithic lichen species were observed on non--calcareous substrates, i.e. boulders in the river bed or small stones on the valley slopes. The relatively most frequent saxicolous lichens were Pseudosagedia chlorotica and Porpidia soredizodes. Artificial saxicolus substrates containing calcium carbonate are encountered sporadically in the Grabianka river valley. Two species fairly frequent in Poland, Verrucaria dolosa and V. muralis, were found on a concrete culvert.
Interesting species which occur primarily in the mountains were noted at a few or single localities: Aspicilia laevata, Bacidina inundata, Collema flaccidum, Verrucaria hydrela and V. praetermissa. Collema flaccidum is rare in Poland and has been reported from some scattered localities in the northern part of the Polish Lowland only (FAŁTYNOWICZ 1999) . This lichen has been previously recorded in the Grabianka river valley, near the village of Kadyny (KOOPE 1939 , FAŁTYNOWICZ 1999 . Another two sites with its thalli were found in the analyzed part of the valley. The epilithic species Bacidina inundata was observed on an untypical substrate, namely a rubber tire lying on the river bed, where it formed large thalli with fruiting bodies.
The relatively small number of epigeic lichens (13 taxa) recorded in the study area is a consequence of low local frequency of their favorite habitats. In shaded deciduous forest communities, on fertile fresh or moist substrates, lichens have to compete for light and space with vascular plants and bryophytes, so their occurrence is practically limited to road embankments. Terricolous lichens recorded most frequently in the research area were Lichen Biota of the Grabianka River... Baeomyces rufus, Cladonia coniocraea and Trapeliopsis granulosa (often with fruiting bodies). Of particular note is Cladonia caespiticia -a species known in Poland from a few localities only, more frequent in Western Pomerania (FAŁTYNOWICZ 1992) , rare in North-Eastern Poland (CIEŚLIŃSKI 2003) , previously reported from the Borecka Forest (ZALEWSKA 1998). In the Grabianka river valley it was found at two localities, on acid soil in a beech wood.
Conclusions
A total of 110 lichen species were identified in the upper part of the Grabianka river valley. This is a high number for such a small area (100 ha), which confirms a substantial diversity of habitats available to the examined group of organisms. Many of the recorded lichens are particularly interesting, rare, vanishing or poorly investigated species known for their unique habitat requirements.
A distinguishing feature of the study area is the occurrence of 12 protected species and a high contribution (46) of Red List taxa (CIEŚLIŃSKI et al. 2006) , characterized by high sensitivity to human pressure and vanishing from numerous localities. Another advantage of the analyzed lichen biota is the presence of 13 species-indicators of lowland natural forests (CZYŻEWSKA, CIEŚLIŃSKI 2003) , which testifies to the good condition of local forest communities.
It may be concluded that the investigated part of the Grabianka river valley can be considered a refuge for rare and vanishing in Poland. Comparable results were reported by other authors who studied lichen biota in the valleys of small rivers in the region of Pomerania, e.g. Reknica (RUTKOWSKI 1993 ), Drwęca (RUTKOWSKI, SŁOWIK 1999 ), Zagórska Struga (FAŁTYNOWICZ et al. 2000 and Radunia (FAŁTYNOWICZ, KRÓLAK 2001) .
